Introduction
Gallbladder cancer (GBC) is one of the most common primary biliary tract malignancies. [1] [2] [3] [4] Based on the data obtained from the Surveillance, Epidemiology and End Results (SEER) program, the incidence of GBC is estimated at 2.5 per 100,000 persons. 5, 6 Symptoms related to GBC can be vague and nonspecific, further complicating early detection. 7, 8 Besides, due to aggressive biological behavior of the cancer and the aberrant anatomical characteristics of the gallbladder, prognosis of GBC patients is poor. 9, 10 Undoubtedly, if the condition of patients allowed, surgical intervention might render probability of long-term overall survival (OS). 11 However, despite recent continuous development of diagnosis and treatment of the disease, it is still a highly lethal cancer. 12 Currently, histopathologic classifications and clinicopathological parameters such as tumor grade, stage, histologic type, lymph node status, and CEA are primarily used to draw correlations with survival. The prognosis of certain GBC patients who have undergone radical surgical resection remains appalling. 13 Recently, those clinicopathological parameters and some prognostic models are difficult to exactly evaluate the prognosis. 14, 15 Hence, it is expected that a combination of some specific GBC indicators into conventional clinicopathological characters will exactly predict prognosis.
Increasing research has indicated that systemic inflammatory response plays an important role in the initiation, progression, metastasis, and treatment resistance in a variety of malignancies including GBC. [16] [17] [18] Some cancer patients usually present with systemic inflammatory response, which could be detected by change of peripheral blood cell amounts. 17 Based on the count of circulating inflammatory cells, several prognostic biomarkers such as neutrophil to lymphocyte ratio (NLR), 19, 20 derived neutrophil to lymphocyte ratio (dNLR), 21 platelet to lymphocyte ratio (PLR), 22 and lymphocyte to monocyte ratio (LMR) 23 have been developed to predict patient outcome in various carcinomas. According to previous research, the roles of those prognostic biomarkers in GBC were less well known and no more responding prognostic nomogram was established.
Therefore, we aimed to verify the relationships of pretreatment inflammatory biomarkers including NLR, dNLR, PLR, and LMR with prognosis of GBC patients who have undergone radical surgery and attempted to establish a prognostic nomogram with improved predictive capacity.
Materials And Methods Patients
The study enrolled all GBC patients who underwent radical cholecystectomy at Jing Zhou Central Hospital, the second clinical medical college, Yangtze University between January 2010 and May 2017. Eligible patients were included according to the following criteria: 1) patient underwent radical cholecystectomy; 2) patient with histological diagnosis of GBC; 3) patient with complete clinical and histological information as well as follow-up data; 4) patient aged > 18 years old; 5) patient has complete peripheral blood cell count data. The exclusion criteria were : 1) patient had other malignancies; 2) patient had perioperative surgery-associated mortality; 3) patient had systemic infection, autoimmune disease or inflammation. At last, 169 GBC patients remained and were analyzed in our study. Written informed consent was obtained from every eligible patient or their family members. The study was approved by the Ethical Committee of Jing Zhou Central Hospital, the second clinical medical college, Yangtze University. The methods were carried out in accordance with the relevant guidelines and regulations. Patients' records were anonymized and de-identified prior to analysis. This study was conducted in accordance with the Declaration of Helsinki.
Follow-Up
Patients were routinely followed up every 3 months for the first year, every 4 months for the second year, and every 6 months thereafter in our institute. The post-treatment surveillance program consisted of physical examination, cytological assessment, and abdominal computed tomography or ultrasound. Follow-up was terminated in February 2019. The endpoint was OS during the interval surgery and death or the last follow-up. To maximally reduce the extent of bias, two clinicians performed follow-up and review, respectively.
Data Collection
Baseline clinicopathological parameters were obtained from medical records: age at surgery, gender, presence of a concomitant disease (hypertension, diabetes mellitus or cystic liver), tumor-node-metastasis (TNM) stage, and pathological report. The hematological parameters including CEA, hemoglobin, monocyte, albumin, platelet, leukocyte and neutrophil were extracted from blood tests within 2 weeks prior to surgery. Preoperative anemia was defined as a baseline hemoglobin level of < 120 g/L for male or < 110 g/L for female. The eighth edition of the American Joint Committee on Cancer (AJCC-8th) TNM classification was used to define TNM stage. The definitions of inflammatory response biomarkers are described as follows: NLR = neutrophil to lymphocyte ratio; dNLR = neutrophil to (white cell countneutrophil count) ratio; PLR = platelet count to lymphocyte ratio; and LMR = lymphocyte to monocyte ratio.
Surgical Management
The detailed surgical approach was determined by primary tumor invasion based on the AJCC staging criteria. For patients with incidental GBC detected by histopathological examination, a second radical resection was performed except for Tis and T1a. In Tis and T1a patients, simple cholecystectomy was the radical treatment. Cholecystectomy with radical resection which encompasses 3 cm of liver parenchyma segment IVb and V plus adequate lymphadenectomy is the main procedure for T1b gallbladder cancer. Cholecystectomy with a more formal resection of segments IVb and V plus adequate lymphadenectomy is the method of choice for T2 lesions of GBC. In T3 cancer, radical surgery includes an extended right hepatectomy with possible caudate lobectomy, regional lymphadenectomy, extirpation of other affected structures and even pancreaticoduodenectomy or adjacent organs' resection. In T4 disease, tumor has vascular invasion such as portal vein or hepatic artery. If the condition of patients allowed, radical surgery for T3 cancer plus vascular reconstruction is the radical treatment for T4 cancer.
Statistical Analysis
The optimal cut-off level of biomarker was determined by receiver operating curve (ROC) analysis. Kolmogorov-Smirnov test was used to reveal a non-normal distribution (each P < 0.050). Thus, they were shown as median and range. Nonparametric Wilcoxon rank-sum test or Kruskal-Wallis test was used to determine associations of NLR, dNLR, PLR, and LMR with other categorized clinicopathological factors. Survival analysis was calculated using Kaplan-Meier method and significant difference was identified by log rank test. Variables shown to have significant prognostic value by univariate analysis were further analyzed based on multivariate Cox proportional hazards model. A nomogram for possible prognostic variables associated with OS was established by R software version 3.3.1 using the package of rms. Calibration plots were performed to examine the performance characteristics of predictive nomogram. The predictive accuracy of nomogram was evaluated by Harrell's concordance index (C-index), which is a measure of discrimination. C-index ranges from 0.5 (no predictive power) to 1 (perfect prediction). All the statistical analyses were performed using PASW Statistics 23.0 software (SPSS Inc., Chicago, IL, US) or R version 3.3.1 software (Vienna, Austria). Two-sided P value of less than 0.05 was considered to indicate a significant difference.
Results

Patient Characteristics
Baseline characteristics of 169 GBC patients were summarized in Table 1 . Among these patients, the median age at diagnosis was 64 years old (range 30-87 years old). 55 (32.544%) patients were male. Based on the TNM staging system, 16 patients presented with stage I, followed by 37 with II, 76 with stage III, and 40 with stage IV. Regarding the pathological differentiation level of tumor, 17.160%, 40.237%, and 42.603% of patients were histologically diagnosed with well, moderately, and poor differentiated disease, respectively. A minority of the patients had concomitant diabetes mellitus, hypertension or hepatic cysts. About 48.521% had a previous history of gallstones. The mean of monocyte, lymphocyte, platelet, leukocyte, and neutrophil count was 0.45 k/mm 2 (range 0.01-2.17k/mm 2 ), 1.28 k/mm 2 (range 0.19-3.51 k/mm 2 ), 174 k/mm 2 (range 37-525 k/mm 2 ), 5.80 k/mm 2 (range 1.60-16.91 k/mm 2 ), and 3.90 k/mm 2 (range 1.00-15.20 k/mm 2 ), respectively. After follow-up, 120 (71.006%) patients died of GBC, with an estimated median OS of 14 months (range 1-97 months).
The Optimal Cut-Off Values For NLR, dNLR, PLR, And LMR
The ROC curves of these inflammatory biomarkers were depicted in Figure 1 . The areas under curve (AUC) for PLR, NLR, dNLR, and LMR were 0.600, 0.643, 0.648, 
Associations Of Inflammatory Biomarkers With OS
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revealed that conventional tumor differentiation and TNM stage were significantly associated with OS ( Figure 2B and C). In addition, poor postoperative outcome was correlated to high NLR, dNLR, and PLR as well as low LMR ( Figure 3A-D) . As shown in 
Nomogram For The Predication Of OS
A responding prognostic nomogram was established using all the significant independent parameters for OS consisting of tumor differentiation, T stage, N stage, CEA, NLR, and LMR. Each variable was assigned a weighted number of points in the nomogram, then the sum of points for each GBC patient was in accordance with a specific 1-, 3-, and 5year OS ( Figure 4A ). In the nomogram, a lower point indicated a better OS. For internal validation, the bootstrapped calibration plot of the nomogram predicting 1-, 3-, and 5-year survival performed well with the ideal model ( Figure 4B-D) . C-index of tumor TNM stage and differentiation was 0.650, and 0.747, respectively. Whereas, the value of the nomogram improved to 0.801.
Discussion
Like the results of prior studies, 24, 25 several GBC prognostic models such as tumor differentiation and TNM stage were confirmed as independent predictors. However, those tumor-related factors only reflect the Note: # P value < 0.050. P value of less than 0.050 was considered to indicate significant difference. The P value was calculated by nonparametric Wilcoxon rank-sum test. Abbreviations: TNM, tumor-node-metastasis; NLR, neutrophil to lymphocyte ratio; dNLR, derived neutrophil to lymphocyte ratio; PLR platelet to lymphocyte ratio; LMR, lymphocyte to monocyte ratio. degree of cancer progression and partially explain the prognostic heterogeneity. 26 Hence, it is expected that a combination of some specific GBC indicators into conventional tumor-related factors such as TNM stage will exactly predict prognosis. With that objective in mind, we aimed to probe into the prognosis of pretreatment inflammatory biomarkers and attempted to establish a prognostic nomogram with improved predictive capacity in GBC patients. To the best of our knowledge, this study is the first to screen more powerful predictive biomarkers in those systemic inflammatory indexes and establish a prognostic nomogram based on those powerful biomarkers and conventional prognostic markers in GBC patients who have undergone radical cholecystectomy. Recently, emerging evidence has shown that an inflammatory microenvironment plays an important role in carcinogenesis, tumor growth, invasion, and metastasis. [27] [28] [29] Contemporary studies have led to a general acceptance that prognosis of a cancer patient is determined not solely by tumor-related factors, but also by host response to systemic inflammation. 30 A better understanding of the prognostic relationship of systemic inflammation and cancer patients might contribute to prevention and treatment of cancer. Host systemic inflammation could be reflected in routine hematological tests in clinical practice. 17 Blood cell count alone might not be significantly associated with overall survival, but systemic inflammatory biomarkers, which are produced by combination of those cell counts, have been considered as independent prognostic factors for various carcinomas.
In the present study, we showed that preoperative systemic inflammatory biomarkers including NLR, dNLR, PLR, and LMR could be used as prognostic factors for GBC patients after radical cholecystectomy. Those markers were significantly associated with OS of GBC patients in univariate analysis. According to multivariate analysis, NLR and LMR were retained as independent indicators.
Although systemic inflammatory biomarkers are useful parameters for predicting outcome of cancer patients, the underlying mechanism largely remains to be undefined. Following, several mechanisms of inflammatory reaction to tumor might explain the results. Firstly, lymphocyte is a basic component of the cellular basis of immunosurveillance and immunoediting as well as the innate immune system, which could destroy residual cancer cells and micro metastases and then inhibit tumor cells' proliferation and migration. 31, 32 It is known that host anti-tumor activity is mediated by cellular immune reaction related to lymphocytes. [33] [34] [35] Gooden et al 36 indicated that increasing infiltration of lymphocytes has been significantly associated with good prognosis and better response to treatment in patients with cancer. Lymphocytopenia is also related to tumor burden, metastatic sites, inflammatory syndrome, and host characteristics. 34, 35 Secondly, inflammation can active monocyte to peripheral blood and then promote their differentiation into tumor-related macrophages after they have been recruited to tumor tissues. 37, 38 Tumor-related macrophages interact with tumor cells, and then produce various types of cytokines and chemokines including IL-6 and tumor necrosis factor-α (TNF-α) leading to tumor progression. 39, 40 What is more, monocytes and their progeny could function as immunosuppressive, which also contributes to carcinogenesis, tumor growth, invasion, and metastasis. 41 Thirdly, cancer-associated inflammatory factors such as TNF-α, IF-6, and myeloid growth factors could trigger neutrophils, whereas elevated neutrophils have been reported to contain and prompt secretion of the potent angiogenesis cytokine including vascular endothelial growth factor (VEGF) and reactive oxygen species (ROS). [42] [43] [44] ROS might cause host normal cell DNA damage and genetic instability; thus, it plays an important role in tumor microenvironment. 45 Besides, neutrophilia could suppress activity of immune cells including lymphocyte, activated T cell, and natural killer cell by inhibiting the immune system. 46 Like prior studies, elevated NLR and decreased LMR were associated with poor survival time in GBC patients who have undergone radical surgery in this study. The correlations between inflammatory biomarkers and clinicopathological characteristics were analyzed and results showed that adverse systemic inflammatory biomarkers were significantly related to poor differentiation and advanced stage including T stage, N stage, and TNM stage. These correlations were supported by the explanation that terminal cancer patients are prone to have immunosuppressive status and to suffer from inflammatory response. 47, 48 The present study attempted to establish a predictive nomogram using all the significant independent predicators including NLR, LMR, CEA, tumor differentiation, T stage, and N stage to predict the probability of postoperative patients. Calibration plots of the nomogram performed well in predicted 1-, 3-, and 5-year OS with the ideal model, which indicated that our nomogram was well calibrated to predict OS. Besides, internal validation indicated that the nomogram had better discrimination power (C-index, 0.801) compared to conventional tumor TNM stage (C-index, 0.650) and differentiation (C-index, 0.747).
The findings of the present study should be interpreted in consideration of its possible limitations. To begin with, the study had a retrospective design with relatively smallsized sample, which might have had a negative impact on the findings. The prognostic significance remains to be confirmed by multicenter clinical studies. Besides, the nomogram lacks external validation cohort, which requires further investigation to confirm its robustness. Thirdly, although the cut-off values were calculated by ROC curves based on OS, the optimal values were inconsistent with results of previous research, which might be a result of different population and survival end-point. Finally, the relevant mechanism of inflammatory reaction to tumor was not investigated in the present study, thus, further basic research needs to be performed to identify the detailed mechanism of how inflammatory cells and their progeny are involved in the pathogenesis and progression of GBC.
Conclusion
In conclusion, preoperative NLR, dNLR, PLR, and LMR were significant and powerful prognostic indicators for OS in GBC patients who have undergone radical operation. Furthermore, NLR and LMR were independent prognostic markers for OS. The nomogram based on NLR, LMR, and conventional clinicopathological indicators could accurately predict individualized survival probability in GBC and might support clinicians in treatment optimization and clinical decision-making.
